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IABSTRACT:
The organotransition metal compounds, [PPh4][Ru(N)R4] (where R= Me 
and CH2SiMe3) exhibit a degree of photosensitivity. The photochemical 
reactions of these compounds, alone and with unsaturated hydrocarbons, were 
researched. It was found that the unsaturated hydrocarbons used in this study, 
with the exception of ethviene, prevent the total decomposition of nitrido 
ruthenium alkyl compounds. No evidence for the formation of metalocyclic 
intermediates by a 2+2 or 4+2 cycloadditon between nitride ligand and the 
unsaturated hydrocarbons was found. Evidence that the nitrido ligand 
coordinates and/or is involved in an Sn 2 reaction is presented.
2INTRODUCTION:
A series of high oxidation slate osmium and ruthenium compounds with 
the form [Y][M(N)R4] (where R = Me, CH2SiMe3, CH2CCH3, OPh, CH2Ph and 
Y=PPh4 or NnBu4)have been isolated and fully characterized by previous 
workers in our laboratory. L2 All nitridoruthenium alkyls are yellow or orange 
thermally stable, but air and light sensitive crystalline compounds. Single 
crystal X-ray diffraction of (Ru(N)Me4)' proved that this compound is square- 
planer with an apical nitride ligand.2 The osmium compounds (Os(N)Cl4)- and 
[Os(N)(CH2SiMe3)4]' were found to have the same structure by X-ray 
diffraction.3 The methyl groups of [Ru(N)Me4]'are distorted below the metal 
plane with a N-Ru-C bond angle of 110°. The methyl group distortion arises
because both the nitride group and the methyl groups are good electron 
donors. Proof that alkyl groups add electron density to the metal is found in the 
infrared spectrum. A correlation between the decreasing nitride stretching 
frequency (lower energy) and amount of alkyl substitution has been 
documented.4'10 Similarity of spectroscopic data and other physical properties 
allows us to conclude that all the nitrido metal alkyls are isoelectronic and 
isostructural.
Light causes the decomposition of (Y][Ru(N)R4)- (R»OSiMe3, CH3 and 
CH2SiMe3) crystalline solids, promotes their decomposition in water, and 
catalyzes the reaction of (Y][Ru(N)(CH2SiMe3)4l with methanol.2 Methyl 
radicals formed by the one electron transfer in the excited state may be an 
intermediate in the photochemical decomposition of the nitrido ruthenium 
methyl compounds. Other possible decomposition pathways include formation 
of complexes at the nitride which facilitate the cleavage of that ligand, and 
reductive elimination of ethane. Reactions involving nitridoruthenium alkyls and 
a variety of unsaturated hydrocarbons were attempted to help determine the 
mechanism of the photochemically induced decomposition.
Nitridoruthenium alkyl complexes exhibit a greater degree of 
photosensitivity than the nitrido osmium alkyls. Unlike their osmium analogues, 
(R=OSiMe3, CH3 and CH2SiMe3) decompose when exposed to room light for a
3few days. The reactive sites of the excited state [Ru(N)Me4]' could include the 
nitride ligand, the d2 metal center, or the metal-carbon bond. The 
photochemistry and photochemical reactions of these nitrido ruthenium alkyl 
are the subject of this investigation.
Because photochemical reactions involve molecular electronic excited 
states and excited state molecules have completely different reactivity than 
ground state molecules, reactions forbidden for thermal conditions are allowed 
photochemically. The 2 + 2 cyclizations reaction, forbidden for a thermally 
controlled reaction, is possible for a photochemical reaction.4 Consequently, a 
2 + 2 cyclization between an unsaturated hydrocarbon or dienophile and the 
nitride ligand of an organometallic compound becomes possible, although no 
precedent is known.
The photochemistry of organotransition metal complexes, especially of 
the rarer platinum metals, has been the subject of extensive study.5 
Organotransition metal compounds have excited state lifetimes that are 
generally short and intermolecular reactions are rare. The organotransition 
metal compounds also have electronic excited states in which localized 
negative charge can occur at the metal center or the ligand; however, electronic 
excited states can also involve charge transfer.6 The most common 
photoinduced reactions involving organotransition metal compounds include 
reductive elimination, metal-carbon and metal-metal bond homolysis, or 
substitution and substitution related reactions.7
The vibronically resolved emission spectra reveal information about the 
emissive and electronic excited states and distortion of these states in a 
molecule.5 Spectroscopic studies of [Os(N)X4]* (X=CI, Br) were performed by 
Gray because these compounds exhibit intense luminescence.8 His studies 
indicate that [Os(N)X4]’ distorts from a square pyramid to a triganal-bipyramid 
with the nitrido ligand lengthened approximately 0.09 A. The excited state 
distortion is attributed to the n -  antibonding nature of the (dXy, dyz) orbitals. 
Gray concludes that a 1 electron excitation is responsible for the reduction of 
the nitrido bond order. The excited state nitride should become more 
electrophilic. Another strong excited state has a*  character with respect to the 
halogens. The difference between the tetrachloride and the tetramethyl 
complexes, in these otherwise isoelectronic and isostructural compounds,
4arises because chloride ligands remove electron density and the methyl ligands 
donate electron density.
The Diels-Alder reaction has been the subject of extensive preparatory, 
theoretical, and mechanistic study.11 Types of dieneophiles include acotylene, 
imine, nitrile, isocyanate, acyl, and nitro groups.12 Dienophiles are 
electrophiles during Diels-Alder 4 + 2 cycloaddition reactions; therefore, the 
excited state nitride ligand is a potential dienophile. The nitride group, like the 
nitrile group, would form a heterocyclic reaction product. In fact, reactions 
involving hetero-dienophiles are an important part of natural product synthesis. 
Metal coordinated olefins are unreactive as dienophiles in Diels-Alder reactions 
because of n-backbonding.
Although n-backbonding to a metal center renders olefins inactive, other 
organometallic compounds are known to undergo Diels-Alder reactions. 
Carbynes, metal-carbon triply bonded species which are similar to the nitride, 
participate in Diels-Alder type reactions forming metallacycle.15 Other 
examples of organometallic compounds undergoing Diels-Alder type reactions 
include vinyl carbenes and metalocyclopentadienyl compounds.14 An 
example by Volhart uses a Diels-Alder reaction at a organometallic compound 
in the natural product synthesis of esterone.16
Based on isoelectronic and isostructural arguments, the nitrido alkyl 
complexes should have the same excited states as the nitrido tetrachoro 
complexes. A strong excited state with o-antibonding character with respect to
the alkyl groups should be observed. If these excited states have sufficient 
energy to cause a one electron transfer, radical intermediates could form. 
Organo-transitlon metal compounds often form radicals by a variety of reactions 
and free radicals have been proposed in many reaction mechanisms.8 Electron 
transfer in associative or dissociative ligand substitution reactions causes 
radicals.7 Photoredox reactions always produce radicals.6 One-electron 
oxidative additions result in radicals.8 Homolytic cleavage of the metal-carbon 
bond occurs when the activation energy for reductive elimination is high, an 
example of this occurs with CpPt(CH3)3. Methyl radicals, instead of the 
reductive-elimination product ethane, are produced upon heating in this 
platinum compound.15
5Once formed, a free radical is a very reactive species which reacts with 
the first available compound. If a radical reacts with a olefin a new radical is 
formed and polymerization can occur. Methyl radicals also can displace 
hydrogen forming methane and another radical. Two reactions, 
diproportionation and recombination of radicals, produce molecules thus 
terminating the radical chain process.
RESULTS;
The purpose of this study was to research the photochemical properties 
and photochemical reactions of the new and reactive nitrido ruthenium alkyl 
complexes [Y][Ru(N)R4]' (where R = CH3 and CH2SiMe3). All nitrido ruthenium 
alkyl compounds studied contained the tetraphenylphosphonium cation 
because, unlike the n-butylammonium cation, the tetraphenylphosphonium 
cation allowed unobscured NMR analysis of the products. Nitrido alkyl 
compounds were reacted under photochemical conditions alone and with a 
large number of unsaturated hydrocarbons. Insight into the mechanism of the 
photochemical processes was gained by isolation and characterization of the 
reaction products.
In an attempt to identify the photochemical decomposition products, a 
sample containing [PPh4][Ru(N)Me4] and benzene was added to a tube and 
sealed under N2 atmosphere. The solution was then irradiated with UV 
radiation from a mercury vapor lamp. A black insoluble solid was produced in 
the decomposition. The organic products were analyzed by gas 
chromatography and no evidence for the formation of methane and ethane 
existed. No other organic products other than solvent were detected. Attempts 
to recrystallize the black solid failed because the compound was insoluble in all 
solvents. An infrared spectrum of the black amorphous solid was taken to 
characterize any organic ligands, but no distinguishing peaks were observed.
Similarly, a decomposition was carried out for [PPh4][Ru(N)(CH2SiMe3)4] 
in d6-benzene, but this time the photochemical decomposition of [PPh4][Ru(N)- 
(CH2SiMe3)4) was monitored by NMR. The trimethylsilyl methyl group 
disappeared and a broad peak centered at § 0.0 ppm, indicative of many 
products with similar chemical shifts or a silicone type polymer, appeared.
6Coinjection of TMS with the reaction product in gas chromatographic analysis 
verified the fact that TMS is one of the decomposition products. Three other 
reaction products were formed in equal amounts as determined by GC.
The first unsaturated hydrocarbon used in a photochemical reaction with 
the nitrido ruthenium tetramethyl compound was ethylene. A THF solution 
containing ethylene and (VljRufNjMe^ was photolyzed in a sealed tube with N? 
atmosphere. During photolysis a black amorphous mass formed. Gas 
chromatographic analysis of the solution showed that, within experimental error, 
no ethylene was consumed. Again, the black amorphous solid was insoluble 
and no distinguishing peaks were revealed in the IR spectrum.
A series of room light catalyzed reactions between [PPh4][Ru(N)Me4j and 
methanol, [PPh4][Ru(N)Me4] and 2 equivalents of sodium methoxide, and 
[PPh4][Ru(N)-M62Cl2] and 2 equivalents sodium methoxide were attempted. 
The reagents were added to a tube fitted with a stir bar and sealed under N2 
The reaction with [PPh4][Ru(N)Me4] and 2 equivalents of sodium methoxide 
resulted in an orange solution which decomposed upon warming. The other 2 
reaction products were isolated after removal of solvent and attempted 
recrystallization. All products were orange powders. NMR analysis of the 
products displayed prominent singlets, at 8 1.0 and 8 1.5, in the NMR spectra. 
Although purified compounds have not been isolated at this time, the reaction 
products are believed to be [PPh4][Ru(N)Me2(OMe)2]
Because the reaction with ethylene resulted in the decomposition of the 
nitrido ruthenium tetramethyl compound a very reactive dienophile was used in 
the next photochemical reaction. Dimethylacetylene dicarboxylate (DMADC), 5 
ml, and [PPh4][Ru(N)Me4] were added to a tube which was sealed under N2 
atmosphere. The mixture was photolyzed for 12 hours. Two fractions were 
isolated by column chromatography and the fractions analyzed by NMR 
spectroscopy. The spectrum of the first product contained a broad band 
indicative of a polymer at 8 4,0-3.5 ppm. The second product, an orange 
powder, also had the polymeric band at 8 4.0-3.5 ppm and a sharp singlet at 8 
1.5. In an attempt to avoid polymerization, a dilute sample containing only one 
equivalent of DMADC and [PPh4][Ru(N)Me4] in THF was prepared and 
photolyzed. Again, the polymer was formed as a major product and the methyl 
singlet was shifted downfield to 81.5.
7In another experiment a benzene solution containing only 
dimethylacetylene dicarboxylate in a tube sealed under N2 atmosphere was 
reacted photochemically for 6 hours. Two fractions, burgundy and orange, were 
isolated by column chromatographic separation. The NMR analysis showed 
that a broad peak at 8 4.0-3.5 is present in both fractions.
To see if the broad peak centered at 8 3.8 was cause by reaction with 
[PPh/t] [Ru(N)Me4] or if this product was formed by a photochemical reaction 
with itself, the next reaction was performed. A reaction between 
[PPh4][Ru(N)M©4] and DMADC in d6-benzene without light was carried out in 
an NMR tube fitted with a septum. First, an NMR spectia of the solution 
containing starting material was taken. Then, DMADC was injected into the 
NMR tube. A color change from yellow to burgundy was observed as soon as 
the DMADC was injected, but the NMR spectra taken after DMADC was added 
showed that no reaction occurred. In fact, no reaction was observed by NMR 
after 3 hours. An NMR taken after 12 hours revealed the formation of polymeric 
product. Only a small amount of starting material, based on the fact that the 
starting material methyl peak integration remained almost constant, was 
consumed during the reaction.
Another dienophile, maleic anhydride, was used in a photochemical 
reaction with the nitrido ruthenium tetramethyl compound. A solution containing 
maleic anhydride, (PPh4][Ru(N)Me4], and ether was added to a reaction vessel 
fitted with a magnetic stir bar. The reaction vessel was sealed under N2 
atmosphere. Because of the nitrido alkyl compound’s insolubility in ether this 
photolysis reaction proceeded under heterogeneous conditions. The yellow 
insoluble starting material was changed to a light orangish powder after 
photolysis. The product was isolated by filtration through a fritted filtration flask. 
The recrystallization attempt of the product with methylene chloride and ether 
failed, only an orange powder was produced. This compound had two singlets, 
8 1.6 and 8 0.4 and a cation PPh4 multiplet at 6 8.0-7.5 in the NMR spectra. IR
spectra show bands similar to starting material, but the nitrido band is shifted 
from 1072 to 1077 c m 1. No further investigation of this reaction has been 
accomplished at this time.
Since the excited state nitride ligand can act as a potential dienophile, a 
reaction with a diene under photochemical conditions was attempted. A diene,
81,3-cyclo-hexadiene, was added to [PPh4(Ru(N)Me4] in d6-benzene in an NMR 
tube and the reaction monitored by NMR spectroscopy. A spectrum was taken 
befo'O photolysis. Photolysis for 6 hours was completed and a dark orange 
colored solution resulted during photolysis. Then, another NMR spectrum taken. 
The second NMR spectrum clearly showed that starting material was 
consumed; a decreased methyl singlet of the starting material was observed. 
The product contained of singlet shifted downfield at 8 1.0. The amount of 1,3- 
cyclohexadiene consumed was unknown, but a singlet 8 7.0 steadily grew in 
size during the course of the reaction and was believed to be benzene. Gas 
chromatographic analysis and coinjection of an authentic benzene sample 
verified the presence of benzene. Time constraints prevented further 
investigation of this system.
Another type of acetylene was use in the next photochemical reaction . A 
sample containing diphenylacetylene, [PPh4[Ru(N)Me4], and benzene was 
prepared and added to a reaction vessel. The vessel was sealed with a N2 
atmosphere and photolyzed for 2 hours. A greenish-brown reaction product 
was isolated after the solvent was removed in vacuo. Recrystallization was 
attempted with CH2Cl2/ether. Approximately 70% of the starting material was 
recovered from the recrystallization. This was verified by IR analysis of the 
product. Another reaction, this time using excess diphenylacetylene and 
[PPh4][Ru(N)Me4], was setup and photolysis allowed for 2 days. A green 
product was isolated. After recrystallization attempts failed to separate the 
excess diphenylacetylene from the reaction product, column chromatography 
was performed. Four fractions were taken. NMR analysis was performed on the 
third and fourth fractions. The last fraction had no cation as determined by NMR 
and peaks of unknown origin at 81.5, 81.2, and 80.1 with integration of 2:2:1,
respectively.
Excess diphenylacetylene was added to a solution containing 
[PPh4][Ru(N)Me4j and THF. The resulting mixture was added to a reaction 
vessel which was then sealed under an N2 atmosphere. The mixture was 
photolyzed for 2 days. After removal of solvent, a green flaky layer resulted. 
Separation of the reaction product was attempted by column chromatography. 
Three distinct layers were separated; a greenish-brown layer, an orange layer, 
and an intensely colored blue layer. The solvent was removed from all the
9fractions. The blue compound contained the unreacted diphenylacetylene plus 
some unidentified blue compound. Spectroscopic analysis of the blue 
compound revealed no distinctions from the authentic diphenylacetylene 
spectra. Column chromatography using silica gel support also failed to 
separate the diphenylacetylene from the blue product. The blue compound 
immediately turns yellow when exposed to air. The orange fraction contains at 
least three products indicated by the NMR analysis. A polymeric product 
containing the diphenylacetylene is present, a broad peak at 8 7.5 - 7.0. The
PPh4 region is very small compared to the other singlets that are present in the 
spectrum 83.85, 83.8, 82.3, and 81.25.
A carefully prepared sample containing diphenylacetylene, 
[PPh4][Ru(N)Me4], dodecane as a gas chromatography standard, and benzene 
was added to a reaction vessel fitted with a stir bar. The vessel was sealed with 
a N2 atmosphere. Photolysis was carried out for 4 days. GC injections before 
and after photolysis and comparison of peak integrations on those samples 
proved that only one molar equivalent of diphenyl-acetylene is consumed. The 
products were separated by column chromatography. Only two fractions were 
Isolated. The second fraction had solvent removed and an orange oil resulted. 
NMR analysis showed tnat no [PPh4] cation was present. Peaks at 87.6-7.2, 
diphenylacetylene and 81.27 were also found.
A blank photochemical reaction containing only diphenylacetylene, 
dodecane, and benzene in a tube sealed under N2 atmosphere was performed. 
The sample was photolyzed for 2 days. The reaction, before and after, was 
monitored by GC. No appreciable amount of diphenylacetylene was consumed 
as determined by GC. Removal of solvent from the reaction mixture and careful 
weighing of the unreacted diphenylacetylene also verified that none was 
consumed in this reaction.
The last photochemical reaction was attempted between 
diphenylacetylene [Y][Ru(N)(CH2SiMe3)4‘], and d6-benzene. The reaction 
mixture was placed in an NMR tube under N2 atmosphere. A spectrum was 
taken. Then the sample was photolyzed for hour. A color change from yellow to 
orange was produced. The reaction was continued for an additional eight 
hours. Product isolatation was attempted by chromatographic separation. 
Three fractions were isolated. NMR analysis was performed on the three
10
fractions. The first spectra had broad peaks in the diphenylacetylene region 
and centered at zero. The products in the second fraction also appear to be 
polymeric; three peaks centered at 80.9, 1.3, and 1.5 were found in this
fraction's spectrum. Another characteristic of the second fraction is that a small 
amount of product with a double doublet NMR splitting pattern at 8 3.9 and 4.2
was formed. The last spectrum indicates that the last fraction contains 
unreacted diphenylacetylene.
DISCUSSION:
In the decomposition of [PPh4][Ru(N)Me4] the formation of methane gas 
by hydrogen abstraction from another molecule by a methyl radical was 
expected. If ethane was formed it could have occurred by recombination of 2 
methyl radicals or by reductive elimination mechanism. Detection of either 
products would have given some insight into the reaction pathways the nitrido 
ruthenium alkyls take when they react. Because only a small amount of starting 
material was used, the amount of hydocarbon gas produced also would be 
small. The fact that no characteristic stretching bands are seen in the IR 
spectrum tells us that decomposition has occurred, so the detection limits of the 
GC may have prevented the observation of these gases as products.
The decomposition of [PPh4][Ru(N)(CH2SiMe3)4] was attempted 
because detection of the products would be easier. The predicted product was 
tetramethylsilane (TMS), a liquid. NMR analysis helped in tracking the products 
of the decomposition. The peak centered at 80.0 in the NMR spectrum is
thought to be of TMS and TMS related products. The presents of TMS for this 
was verified by GC analysis. One of the other products, believed to be 
bis(lrimethylsilyl) ethane, could easily been verified by the coinjection of 
authentic bis(trimethylsilyl) ethane along with the reaction products, but 
verification of bis(trimethylsilyl) ethane as a product was not accomplished 
because the authentic sample was not obtained. The formation of these 
products support the fact that the alkyl groups are cleaved at the metal center 
and possibly involve the formation of radicals. We can not discount reductive 
elimination as a possibility because the ruthenium has only 16 electrons and 
reductive elimination would produce an 18 electron metal species. The product
11
of reductive elimination would also be bis(trimethylsilyl) ethane so the presence 
of this product would mean that either two mechanisms are possible.
Dimethylacetylene dicarboxylate is a power dienophile often used in 
Dieis-Alder reactions. The reaction between DMADC and (PPh4][Ru(N)Me4) 
was designed to see if a reaction at the nitride ligands occurs. A 2+2 reaction 
product was predicted, but was not observed. Because the products formed 
seem to lack the cation (PPh4) in the NMR spectra, a neutral metal alkyl 
containing product, based on the color and soluability of the product, is 
believed to form. The photochemical polymerization of DMADC was shown to 
occur in the absence of the ruthenium alkyl and in the presents of the metal 
alkyl under nonphotochemical conditions. This fact adds support that 
[PPh4][Ru(N)Me4] forms radicals by ruthenium-carbon bond homolysis.
Because the nitride group has been proposed to react with tetraphenyl- 
phosphonium gold chloride and chloroacetic acid in an Sn2 manner, the 
reaction of DMADC and [Y][Ru(N)Me4] was performed in the dark. The 
immediate color change but lack of reaction, as determined by the NMR 
spectrum, was surprising. Reaction between these compounds could be 
occurring, but the thermally controlled reformation of products could be a 
competing reaction. The formation of a polymer after 12 hours supports the 
theory that radicals are formed. Only one radical formed by carbon-metal bond 
homolysis would be needed to initiate the polymerization.
The nitride ligand could attack at the carbonyl group causing the 
displacement of methoxide. The methoxide could further react displacing the 
methyl groups at the metal center. To prove that an Sn2 mechanism involving 
the nitride causes the formation of products with chemical shifts observed by 
NMR, we attempted to prepare the compounds by an alternate route. The 
proposed compound was [PPh4][Ru(N)-Mex(OMe)y]. Because the light 
catalyzed reaction of [Y][Ru(N)(CH2SiMe3)4] with methanol produces 
[Y][Ru(N)(OMe)4], [PPh4][Ru(N)Me4] was reacted with methanol and sodium 
methoxide under the same conditions. The reaction with sodium methoxide 
appears to have caused decomposition of [PPh4][Ru(N)Me4] before any 
products could be isolated. The reaction with methanol seems react more 
smoothly allowing the isolation of products for NMR analysis. The methoxy 
protons of [Y][Ru(N)(OMe)4] were reported to occur at 8 2.03, which were
12
downfield from the methanol reaction product peaks.1 These peaks were too 
far downfield for the DMADC and [PPh4][Ru(N)Me4] reaction products. A better 
way to prepare [PPh4] [Ru(N)Me2(OMe)2] was to form the mixed halo alkyl 
compound [PPh4][Ru(N)Me2Cl2] first and then form the product in a reaction 
with 2 equivalents of sodium methoxide. NMR analysis of the reaction product 
shows that there are distinct similarities between the DMADC and 
[PPh4][Ru(N)M e4) reaction products and the proposed compound 
[PPh4][Ru(N)(OMe)4], although the results are not conclusive.
Maleic anhydride is also a commonly used dienophile used in the Diels- 
Alder reaction. Because similarities exist between DMADC and maleic 
anhydride, it was chosen for the next reaction. A 2+2 cycloaddition was again 
postulated, no direct evidence for the formation of such a products exists. IR 
analysis of the reaction product showed that no carbonyl functionality is present 
in the product. If a cycloaddition reaction occurred a carbonyl stretch in the IR 
would be expected. Coordination of the olefin prior to or after loss of carbon 
dioxide or carbon monoxide could explain the added downfield singlet present 
in the product. The mechanism for this reaction may have been change 
because of the insolubility of the [PPh4] [Ru(N)Me4]. A homogeneous reaction 
needs to be performed before any conclusions about this system can be drawn.
Because there is no evidence for a cycloaddition reaction involving 
dieno-philes, [PPh4][Ru(N)Me4] was reacted with a diene. A thermal 4+2 
cycloaddition reaction between a diene and the nitrido group in the excited 
state is a possibility because the excited state nitride is electrophilic. There was 
no evidence for a cycloaddition as determined by NMR analysis. No shift in the 
vinyl protons was observed. The formation of benzene as a reaction products 
support the alkyl radical formation. The formation of benzene would occur 
when a radical abstracts protons from 1,3-cyclohexadiene. The radical 
mechanism suffers a serious flaw, though, because if radicals are formed they 
should also react to form toluene. This was never observed by NMR analysis.
A compound with intermediate reactivity, diphenylacetylene, was reacted 
with [PPh4][Ru(N)Me4] under a series of conditions. The results of these 
experiments give an indication that the formation of a cycloaddition product as a 
stable intermediate is not observed. NMR results indicate that a neutral product 
containing metal alkyls results under the reaction conditions. The fact that the
13
reaction appears to be nonselective, formation of numerous products, lends 
support that cleavage in the carbon-metal bond occurs producing radicals.
The formation of an intense blue compound when [PPh4][Ru(N)Me4] was 
roacted with excess diphenylacetylene was unexpected. Because no variation 
from diphenyl-acetylene could be observed in the infrared and 1H NMR spectra 
and based on of the intense blue color of the compound, we postulate that the 
acetylene is somehow coordinated to the ruthenium center. The extreme air 
sensitivity of the blue compound gives further evidence for the formation of an 
organometallic compound with diphenylacetylene, but not enough conclusive 
evidence has been accumulated to date.
The reaction between diphenylacetylene and [PPh4][Ru(N)(Ct f^SiMe3)4] 
was expected to produce results similar to the diphenylacetylene and 
[PPh4j[Ru(N)Me4] experiments, although the former seems more reactive 
photochemically. NMR analysis of this reaction showed similar reaction 
products and decomposition products are formed. Further evidence for this 
system needs to be accumulated before conclusions can be can be made.
CONCLUSION:
The nitrido ruthenium alkyl compounds [PPh4][Ru(N)R4 j (R=CH3 and 
CH2SiMe3) decompose when they are exposed to light. The photochemical 
decomposition and reaction mechanism was investigated and preliminary 
results indicate that the formation of radical species occur. Isolation of 
cyclizations reaction products failed, but this does not mean that the formation of 
metallacycle as an intermediate is impossible. Some evidence that the nitride 
reacts in a nucleophilic manner exists. Interestingly, all unsaturated 
hydrocarbons tested, with the exception of ethylene, prevent the complete 
ruthenium decomposition to an amorphous black material. The formation of 
decomposition products in diphenylacetylene and [PPh4][Ru(N)(CH2SiMe3)4] is 
expected in situations where the decomposition pathway occurs faster than the 
diffusion limited intermolecular reaction. The formation of products in the 
[PPh4][Ru(N)Me4] system might be an indication that coordination at the nitride 
or metal occurs prior to reaction and intermolecular reactions are facilitated. 
Although preliminary results of this study indicate that the homolytic cleavage
14
reaction producing radicals occurs under these conditions, more evidence is 
needed to draw conclusions.
EXPERIMENTALS:
All experiments were carried out under a nitrogen atmosphere in either a 
Vacuum Atmosphere Dry Box or on a Schlenk line. Toluene, hexane, diethyl 
ether, benzene, and tetrahydrofuran were distilled from sodium/benzophenone 
and stored under nitrogen. Methylene chloride and acetonitrile were distilled 
from CaHg. Tetramethylethylenediamine was distilled from molecular sieves 
and stored under nitrogen prior to use. Sodium trimethylsiloxide was prepared 
by hydrolysis of chlorotrimethylsilane.4 Trimethylaluminum was purchased from 
Aldrich and used without further purification. Diphenyl acetylene, dimethyl 
acetylene dicarboxylate, and maleic anhydride were purchased from Aldrich 
and distilled from and stored over molecular sieves under N2 prior to use. 
(PPh)[Ru(N)CI4] was prepared according to Griffith.17 IR spectra were obtained
on an IBM IR/32 spectometer. NMR specta were obtained on Varian XL-200 
using CDCI3 as solvent unless otherwise stated. 1H-NMR spectra were
referenced to CDCI3 residual peak at 7.25ppm and 13C-rtMR spectra were 
referenced to CDCI3 triplet at 77 ppm.
All photochemical reactions were carried out in Pyrex reaction vessels 
fitted with magnetic stir bars and sealed under N2 atmosphere prior to
photolysis. U.V. irradiation was produced from an Ace Glassware 100w 
mercury vapor lamp, model #7830.
All gas chromatography experiments were carried out using a Hewlet 
Packard 5790A gas chromatograph fitted with both a Carbowax 20M and a 
Poropak Q column. Products were detected by a flame ionization detector and 
peak integrations were determined by a Hewlet Packard 3390A reporting 
integrator. Product analysis was accomplished by adding one molar 
equivalent of an internal standard, usually dodecane, to the reaction mixture. 
The product peak to internal standard peak ratio was then compared for the 
before reaction and after reaction mixtures. Unless otherwise stated, both 
columns were used for product analysis.
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Preparation o( fPPh][RuN(OSiMe-^/i] (BG-1-33-1), To a solution of NaOSiMe3 
(228mg, 2.0 mmol) in 25mL toluene cooled to -30°C was added 
[PPh4][Ru(N)Cl4] (300mg, 0.5 mmol) over a ten minute period with stirring. A 
deep purple solution resulted. The mixture was warmed to room temperature 
and stirred for two hours. The solvent was removed under reduced pressure 
and the residue extracted with 15mL diethyl ether. The extractant was 
decanted, filtered, and 20mL of hexane was added. This solution was cooled to 
-30°C to induce crystallization. [PPh4)[RuN(OSiMe3)4] crystals isolated (yield: 
50mg,80%): IR (KBr, crrr1): RusN, 1058 (s). 1H NMH (CDCI3): 8 8.0-7.5, m, 
20H, PPh4; 8 0.032, s, 36H, (OSi(CH3)3)4. Anal Calc’d: C, 53.35; H.6.91;
N, 1.71. Found: C,53.44; H,6.89; N,1.71.
Preparation of fPPhxIfRuNMeal (BG-1-36-11 To a solution of TMEDA (5mL, 
33mmol), AIM63 (0.341 g, 0.9 mmol), and 20mL toiuene was added a solution 
containing [PPI14] [RuN(OSiMe3)4](340mg, 0.42mmol) in 20mt. toluene
dropwise over a ten minute period. After five minutes a cloudy suspension 
resulted. Hexane (50mL) was added and the solution cooled to -30°C. The 
resulting yellow powder was filtered and recrystallized from CH2Cl2/Ether 
50/50. Yellow needles (140mg, 75% yield) were collected by filtration and 
washed with ether and hexane, IR (KBr, cm"1): RusN , 1077; 1H NMR 
(CD2CI2); 88.0-7.5, m, 20H, PPh4; 8 0.52, s, 16H, Ru.Mft4. Anal. Calc'd:
C,64.66; H.6.27; N.2.72. Found: C,64.66; H.6.37; N.2.67.
Pr.eparatiQn_Qf (P£h.i)[RuN(CHpSiMenbi_(BG-1 -79-1). To a 100mL flask was 
added of Mg(CH2SiMe3)2*Et20 (190mg, 0.6Pmmol) and 10 mL ether. A 
solution containing [PPh][RuN(OSiMe3)4] (140 mg, 0.173mmol) in 10 mL of 
ether was added to the round bottom flask dropwise with stirring. A color 
change from purple to yellow was observed after 30 minutes. The solution was 
concentrated, diluted with hexane, and cooled to -30" C. A yellow powder was
isolated by filtration through a fritted filter. The yellow powder was recrystallized 
using CH2Cl2/hexane. Yellow crystals of (PPh4][RuN(CH2SiMe3)4) were
16
isolated (100mg, 72% yield). IR (KBr, cm-1): Ru=N, 1075; 1H NMR (C6D6): 8 
7.5-6.9, m, 20 H, PPh4; 5 1.28, s, 8H, Ru(Cti2SiMe3)4; 8 0.5, s, 36 H, 
Ru(CH2SiM£3)4- Anal. Calcd: C.59.80; H.8.03; N,1.74. Found: C,59.58; 
H,8.09; N,1.71.
Preparation of fPPtuHRufNIMegClg). (BG-1-77-1). To a round bottom flask 
containing [PPh4][Ru(N)Me4](30 mg, 0.06mmol) dissolved in 15ml of THF and 
cooled to -30°C was added of chloroacetic acid (6 mg ,0.12 mmol) in THF
dropwise over a ten minute period. After five minutes an orange solution 
resulted. The solvent was removed in vacuo, and the resulting orange oil was 
dissolved in 2 ml THF, 2 ml toluene, and 1 ml hexane. Recrystallization was 
carried out at - 30°C. Orange needles (20mg, 76% yield) were produced. IR 
(KBr, cm-1): RuhN, 1095. 1H NMR (CD2CI2): 8 8.0-7.5, m, 20 H, PPh4; 8 1.84, 
s. 5 H. RuMeo. Anal. Calcd: C,56.56; H,4.81; N,2.32. Found: C,58.46; H,5.56; 
N.2.98.
Photochemical decomposition of fPPhd)[NRuMea),__ (BG-.1-44-1) To a
photochemical reaction vessel was added 30 mg of [PPh4][Ru(N)Me4] in 5 mL 
of THF. The tube was sealed under N2 atmosphere and photolyzed for 12 
hours. During photolysis, the once yellow solution became clear and a black 
solid coated the walls of the reaction vessel. The solution was frozen in liquid 
N2, opened, and fitted with a septum. The sample was thawed in an ice bath. 
Then, the solution underwent gas chromatographic analysis. A black 
amorphous solid (15 mg) was isolated by filtration. This solid was not soluble in 
any solvent. IR (KBr,cm*1): No absorptions detected.
Photochemical decomposition of [PPhalfRuNfCHoSiMe.^a To an NMR tube 
was added [PPh4][Ru(N)(CH2SiMe3)4] (30mg) and 0.65 mL of C6D6. An NMR 
spectra of the starting matt rial was taken. Then the sample was photolyzed for 
6 hours and another NMF was taken. NMR analysis revealed that the major 
product had a large broac peak centered at zero. The products were analyzed 
by GC. The presents o f ' MS was verified by coinjection of authentic TMS with 
the photolyzed sample. Two other products, in approximately equal amounts, 
were produced and discovered by GC analysis. The composition of these
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products are unknown at this time. * 1H NMR (C6D6): 8 7.9-7.6, m, PPh4; 87.1- 
6.9, m and 8 1.4, 1.3, 0.5, 0.4, s, unknown reaction product; 8 0.2-('0.1), br. m, 
tetramethyl silane, Bis (trimethylsilyl) ethane and other polymeric TMS products.
Photochemical Reaction and Dimethylacetvlene
Dicarboxylate.
A. With excess dimethylacetylene dicarboxylate (DMADC). To a 
photochemical reaction vessel was added a solution containing 
[PPh4][RuNMe4] (30mg, 0.06mmol) and dimethylacetylene dicarboxylate 
(2.0ml,16.2 mmol). The tube was sealed under N2 and photolyzed lor 12 hours. 
A red-brown oil resulted. The oil was dissolved in 1.0 ml CH2CI2 and
transferred to a 100 ml flask. Then, 20 ml of diethyl ether was added resulting in 
a red-brown ppt. The ppt. was filtered using a medium frit and labeled BG-1-55-
A. !R. (KBr pellet, cm'1): 1741, 1435, 1275 (C02CH3). 1H NMR (CD2CI2): 8
8.0- 7.5, m, PPh4;8 4.0-3.5, b. m., polymeric DMADC compound; 8 1.66, s, 
81.25, s, 8 0.9, s, unknown Ru(Cfcl3)x compound.
The mother liquor was eluted from a column (biobeads, S-4 200-400 
mesh) with CHgC^. Five fractions ranging in color from burgundy to lemon 
yellow were produced and labeled BG-1-55-(02-06). The CH2CI2 was 
removed in. vacuo, and samples were combined based on color analysis. BG-
1 -55-(01 + 02) burgundy colored powder containing impurities by NMR 
analysis. IR (KBr pellet, cm'1): 3013, 2959 (vas and vSym CH3 ); 1734, 1440, 
1203 (C02CH3). 1H NMR (CD2CI2): 83.86, s, CO2CH3; 8 3.83, s, unknown; 8
4.0- 3.5 polymeric dmadc product. The ratio of the peak heights is 19:6. BG-1-
55-(03 +04), an orange powder. IR (KBr pellet, cm-1): 1740,1437 (CO2CH3).
1H NMR (CD2CI2): 8 3.86, s, CO2CH3; 8 3.83, s, unknown. The ratio of the 
peak heights is 20:6.
B. With 2 molar equivalents of dimethylacetylene dicarboxylate. To a 
photochemical reaction vessel fitted with a stir bar was added a solution 
containing [PPh4] [NRuMe4](40 mg, 0.09 mmol), dimethylacetylene
decarboxylate (22mg, 18 mmol), and 20 mL of benzene. The sample was 
sealed under N2 and photolyzed for 5 hours. Benzene was removed in vacuo 
and the resulting oil dissolved In 2 ml CH2CI2. The products were separated
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using column chromatography (biobeads, s-4, 200-400 mesh) with CH2CI2 
mobile phase. Two fractions, burgundy and orange colored, were produced.
To the burgundy fraction was added 10mL ether. The resulting 
precipitate was filtered via frit and labeled BG-1 -64-01. NMR (CD2CI2): 8
8.0-7.5, m, P£h4; 8 4.0-3.5, m, polymeric dmadc: 8 0.5, 0.6, 0.8, s, unknown 
containing RuMex compound.
The orange fraction had CH2CI2 removed in. vacuo, resulting in an 
orange oil labeled BG-1-64-02. 1H NMR (CD2C12, )■ 8 3.86, s, CO2CH3; 8 
3.83, s, unknown. The peak height ratios were 20:6 respectively. A peak 
characteristic of the dmadc polymer was also present.
C. With 2 molar equivalents in the absence of light (BG-1-74-1). To an 
NMR tube was added [PPh4](NRuMe4] (20 mg, 0.04mmol) and 0.65 ml of
CD2CI2. An NMR spectrum was taken at this time. Then, of dimethylacetylene 
dicarboxylate (11pl, O.OOmmol) was injected into the NMR tube. NMR spectra 
were taken every 15 minutes for the first three hours of the reaction and only 
starting material was observed. A color change; however, occurred almost 
immediately after dimethylacetylene dicarboxylate injection. An NMR spectrum 
taken after 12 hours revealed the following results. 1H NMR (CD2CI2, 300MHz, 
298K): 8 8.0-7.5, m, 20H, P£h4; 8 4.0- 3.4, br. m, polymeric DMADC; 8 0.9, 0.85, 
0.8, s, 3.2 H, unknown Ru-M^x compound.; 8 0.5, s, 3.6 H, NRuM«4
Photochemical reaction of Dimethylacetylene Dicarboxvlate in benzene. To a 
photochemical reaction vessel fitted with a magnetic stir bar was added a 
solution containing 1ml dimethylacetylene dicarboxylate and 2ml benzene. The 
tube was sealed with N2 atmosphere and photolyzed for 12 hours. A lemon 
yellow solution resulted. After removing benzene in vacuo, the product, an 
orange oil, was separated by column chromatography (silica gel/acetone). The 
only product that was eluted from the column was an orange oil; a small portion 
of yellow material adhered to the silica gel. This orange oil was labeled BG-1- 
67-1. IR (Neat, cm-1): 3006, 2957 (vas and vsyn CH3); 1728,1437, 1265, 
(CO2CH3). 1H NMR (CD2CI2): 84.0-3.5, br. m, polymeric compound, 8 3.85, 
3.75, 3.69 sharp singlets promantly displayed from peak above.
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Photochemical reaction between fPPhaHRu(NIMe^) and Maleic Anhydride <BG- 
1-70-31 To a photochemical reaction vessel was added [PPh4][Ru(N)Me4j 
(30mg,0.06 mmol) and maleic anhydride (12mg, 0.12 mmol). Diethyl ether was 
added, the vessel sealed under N2 atmosphere, and the solution photolyzed for 
12 hours. Because (PPh4][Ru(N)Me4) is not soluble in ether, the reaction 
remained heterogeneous. The yellow crystalline material change to a fluffy 
orange powder. The orange powder was filtered through a fine frit and 
recrystallization with CH2Cl2/ether 50/50. The precipitate was filtered through 
a fine frit and washed with ether. 1H NMR (CD2CI2): 8 8.0-7.5, m, 20H, P£h4; 8 
1.6, s, 9.2H, unknown; 8 0.4, s, 4.64, unknown. Anal. Found. C,61.17.H.5.81; 
N,2.34.
.Photochemical reaction between IPPhdlfRufNIMeal and 1.3-cvclohexadiene. 
fBG-1-76-11. To a NMR tube was added (PPh4][Ru(N)Me4) (30mg,0.06mmol) 
and 1,3-cyclohexadiene (6.0 mg). Then, CD2CI2 (0.65 mL) was added to the 
reaction mixture. An NMR spectrum was taken and the sample photolyzed for 1 
hour. A second NMR spectrum was taken at this time. The sample was 
photolyzed for an additional 24 hours and a third NMR spectrum was taken. 
The amount of 1,3-cyclohexadiene consumed during the reaction was 
undetermined by NMR analysis. All of the starting material was consumed. 
Because a peak at d 7.3 began to increase in size during the reaction and was 
postulated to be benzene, GC analysis of the NMR reaction products was 
performed. The presence of benzene was verified by coinjection of the sample 
with authentic benzene after an initial GC was taken. NMR analysis between 
the unphotolyzed and photolyzed samples are as follows. Before photolysis; 
1H NMR (CD2CI2): 88.0-7.5, m, 20 H, E£li; 8 6.0-5.7, m, and 8 2.1, s, 1,3- 
cyclohexadiene; 80.5, s, 8 H, RuMea. After photolysis: 1H NMR (CD2CI2): 8
8.0-7.5, m, 20 H, PP Iu: 8 7.3, s, 1.3 H, CeU.6; 8 6.0-5.7, m, and 8 2.1, s, 1,3- 
cyclohexadiene; 81.0, s, 3.6 H, unknown Ru-Me compound.
Reaction of (PPhA][RufN1Me^) and MeOH fBG-1-80-11 To a round bottom flask 
fitted with a stir bar was added [PPh4][Ru(N)Me4] (10mg, 0.02 mmol). While 
under N2, a septum was added to the flask. A 5 mL sample of MeOH, degassed
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by standard freeze-thaw technique, was added via cannula to the round bottom 
flask. The resulting solution changed from yellow to orange in 10 minutes. The 
solution was stirred for an additional 2 hours. Excess methanol was remc /ed in 
vacuo, and the resulting orange oil analyzed by NMR. 1H NMR (CD2CI2): 8
8.0-7.5, m, PPh4; 8 1.5, s, Ru-0£1±3; 8 1.0, s, RuM®2.
Reaction of fPPh/il[NRuMe^) and NaOChh (BG-1-89-11 To a THF solution 
containing [PPh4][NRuMe4] (30mg,0.06mmol) cooled to -30° C was added a 
THF solution of NaOCH3 (6.0mg)( also cooled to -30°C, dropwise over a 10 
minute period. As the solution warmed, a color change from yellow to orange 
was observed. After 25 minutes of stirring, a black solid began forming on the 
round bottom flask. THF was removed in vacuo and an orangish brown-black 
oil resulted. No further characterization has been completed at this time.
Reaction between fPPh/t)[NRuMeoClol and NaOCHs (BG-1-751 To a round 
bottom flask fitted with a stir bar was added a solution of [PPh4][NRuMe2Cl2] 
(30mg, 0.04 mmol) in THF. Then, a solution containing THF and 6.0mg of 
NaOCH3 was added dropwise with stirring over a 10 minute period. The 
solution was stirred for an additional 2 hours. The solvent was removed in 
vacuo, and the resulting orange oil dissolved in 1 mL CH2CI2, 1mL ether, and 
5mL of hexane and the resulting solution cooled to -30° C. An orange powder 
resulted. This powder was filtered and washed with ether to afford 10mg of 
product. 1H NMR (CD2CI2): 8 8.0-7.5, m, PE114; 8 1.5, s, Ru-OCHi: 8 1.0. s. Ru- 
Cti3.
Photochemical reaction of fPPh^fNRuMe^) and Diphenvlacetvlene (DPAt.
A. With two equivalents DPA, NMR study (BG-1-52). To a solution 
containing 2 mL C6D6and [PPh4][Ru(N)Me4] (15mg,0.03mmol) was added
DPA (1.0mg, 0.06mmol) and the resulting solution added to an NMR tube. An 
NMR spectrum was taken and then the sample photolyzed for 2 hours. After 
photolysis a second NMR was taken. Two small singlets at 8 0.99 and 80.15,
believed to be a product, began to appear. The solvent was removed in vacuo, 
and the resulting oil was dissolved in 1 mL CH2CI2. The majority of the
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reaction mixture remained unchanged by NMR analysis. Then, ether, 2mL, was 
added producing a cloudy suspension. This solution was cooled to -30° C. 
Yellow needles (10.0mg, 67% [PPh4][Ru(N)Me4]) was recovered.
B. With two equivalents DPA, for 2 days. To a solution containing 
[PPh4][Ru(N)Me4] (30mg, 0.06mmcl) in benzene was added diphenylacetylone 
(2.0mg, 0.12mmol). This solution was then placed in a tube and sealed with N2 
atmosphere. The sample was photolyzed for 2 days. The products were 
separated by chromatographic separation. Four separate fractions were 
isolated and solvent was removed in vacuo. 1H NMR 1st fraction (CD2CI2): 8
8.0-7.5,m, PPh4; 8 0.5, s, Ru- M04, (unreacted starting material). 1H NMR 2nd 
fraction (CD2CI2): 8 1.5, s, 2H; 8 1.2, s, 2H; 8 0.1, s,10H, unknown reaction 
product.
C. With excess diphenylacetylone. To a reaction vessel containing 
[PPh4][Ru(N)Me4] (30mg, 0.06mmol) was added a solution containing DPA 
(130 mg) in 2 mL THF. The vessel was sealed with a N2 atmosphere and 
photolyz6d for 24 hours. During photolysis the color of the solution changed 
from yellow to green. The solvent was remove in vacuo producing green flaky 
material. The reaction products were separated by column chromatography; 
green-yellow, orange, blue layers found. After solvent was removed from the 
blue layer it was found to contain excess DPA. Attempts to separate the DPA 
form the blue product with a silica gel column produced incomplete separation. 
Second fraction from first column (BG-1-59-2 ) was a yellow compound. IR 
(KBr,cm*1): 1070.6 (RusN). 1H NMR (CD2CI2): 8 8.0-7.5, m, PPh4. 81.5, s, 
RuM e4. The orange fraction was separated by a second column 
chromatographic separation. Two fractions were taken and labeled BG1 -59-3-1 
and BG1 -59-3-2. The first fraction of the second column was also a yellow 
compound. The second fraction, after solvent was removed in vacuo, was an 
orange oil. IR (KBr, cm ): 1261,1105,1023, 800. 1H NMR (CD2CI2): 8 7.6-7.4, 
m, unknown. 8 3.85, s, 2H; 8 3.8, s, 2H; 82.3,s, 1H; 81.25, s, 2H.
Analysis of the blue compound revealed the following. !R (KBr, cnv):1599,1493, 
1442, 1070, 1024, 916; 1H NMR (CD2CI2): 8 7.7-7.3, m, E ll*
D. Large scale reaction [PPfulfRufNIMeal and Diphenvlacetvlene. GC 
analysis (BG-1-87-11 To a photochemical reaction vessel was added 
[PPh4)(Ru(N)Me4](120mg,0.233 mmol), DPA (83.0 mg, 0.47 mmol), Dodecane
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(79mg,0.47 mmol) as an internal standard, and 40 mL of benzene. A small 
aloquot of the mixture was isolated from light for use as an internal standard. 
Then, the vessel was sealed under N2 atmosphere and photolyzed for 4 days. 
The solution changed from yellow to greenish brown after 1 day of photolysis. 
After 3 days the reaction mixture was frozen in liquid N2 and the seal broken. 
The vessel was fitted with a septum and GC evaluation on carbowax column 
performed. The sample was photolyzed for an additional 24 hours after GC 
analysis indicated that less than 1 equivalent of DPA was consumed. The 
solvent from the reaction mixture was removed in vacuo and column 
chromatography performed. Only 2 distinguishing fractions were produced: 
greenish brown and orange.
The orange fraction had solvent removed in vacuo. An orange oil 
resulted and was labeled BG-1-87-2. 1H NMR (CD2CI2): 8 7.6-7.2, m, 10H, 
DPA; 8 1.27, s, 15.5 H, RuMe* compound. No further characterization has been 
completed at this time.
Photochemical reaction of fPPh^lfRufNWChbSiMe^l with Diphenvlacetvlene 
fBG-1-831
To a photochemical reaction vessel fitted with a stir bar was added 
[PPh4](Ru(N)(CH2SiMe3)4] (30mg,6.07mmol), DPA (13mg,7.3mmol), and 5 mL 
of benzene. The reaction vessel was sealed with an N2 atmosphere and 
photolyzed for 2 days. Then, benzene was removed in vacuo, and a greenish 
brown oil was produced. The oil was dissolved in CH2CI2 and separated by 
column chromatography, biobeads s-4 200-400 mesh. Pour fractions was 
produced. The first fraction a greenish brown fraction had solvent removed in 
vacuo and the resulting oil was labeled BG-1-83-1. 1H NMR (CD2CI2): 8 8.0- 
7.5, m, PEh4; 87.3-6.8, br. m, polymeric DPA compound; 8 1.4 and 1.25, s, 
unknown product; 8 0.2-('0.2), br. m, polymeric silane products. The second 
fraction had solvent removed and an orange oil resulted. This oil was labeled 
BG-1-83-2. 1H NMR (CD2CI2): 6 4.15 and 3.95, do, 1:2, unknown product; 8 
2.3, 1.7-1.2, 1.0-0.8, br, polymeric product. The third fraction was a clear 
solution. The solvent was removed in vacuo and a white powder was 
produced. The white powder was labeled BG-1-83-3. 1H-NMR (CD2CI2): 8 
7.6-7.3, m, DPA.
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